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(57) Abstract 

A seat occupant sensing system has a plurality of variable resistance force sensors (20) located between a rigid seat support member 
(16) and the floor of the vehicle. The force transferred from the rigit seat support member to the floor of the vehicle passes through said 
variable resistance force sensors which sense the magnitude of the force transferred therethrough and generate a signal which is indicative of 
the force transferred therethrough resistance force sensors interposed between a rigid seat support member and a rigid seat pan member (18 
such that the weight supported by the seat pan member is transferred from the seat pan member to the seat support member via said at least 
one variable resistance force sensor which senses the magnitude of the weight transferred therethrough. A device such as a micro^cessor 
processes a signal from the variable resistance force sensors to determine the weight that the rigid seat pan member is bearing. The signal 
processing device may control the activation and operation of a safety device such as an airbag or seat belt pretensioner as a function of 
the presence of and weight of a seat occupant. 
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SEAT OCCUPANT SENSING SYSTEM 

The present invention relates to an apparatus for 
5 sensing the presence and weight of an occupant of a 
vehicle seat. 

Many vehicles are equipped with safety devices 
such as airbags, seat belt pretensioners and so forth 
to protect persons occupying various seats in the 

10 vehicle. If a seat is unoccupied or. is occupied by a 
person of a particular size/ it may not be necessary 
to activate a safety device associated with that seat. 
Furthermore, if a seat is occupied by a person of a 
particular size the manner in which a safety device is 

15 employed may be varied accordingly. One indicator of 
the size, of a seat occupant is his or her weight. In 
the case of an infant, the combined weight of the 
infant and an infant safety seat is useful as an 
indicator of occupant size. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may. take physical form in certain 
parts and arrangement of parts , a preferred embodiment 
5 of which will be described in detail in this 

description and illustrated in the accompanying 
drawings which form a part hereof and wherein: 

Fig. 1- is an exploded view of a vehicle seat 
equipped with an occupant sensing apparatus in 
10 accordance with the present invention; 

Fig. 2' is a front elevation view of a vehicle 
seat equipped with an occupant sensing apparatus in 
accordance with the present invention; 

Fig. 3 is a side elevation view of a vehicle seat 
15 equipped with an occupant sensing apparatus in 
accordance with the present invention; 

Fig. 4 is a top view of a vehicle seat equipped 
with an occupant sensing apparatus in accordance with 
the present invention; 
20 Fig. 5 is an enlarged fragmentary view of a 

variable resistance force sensor located between rigid 
components of a vehicle seat equipped with an occupant 
sensing apparatus in accordance with the present 
invention; 

25 Fig.. 5A is an enlarged fragmentary view of a 

variable resistance force sensor located between rigid 
components of a vehicle seat equipped, with an occupant 
sensing apparatus in accordance an alternative 
embodiment with the present invention; 

30 Fig. 6 is a schematic view of an occupant sensing 

apparatus in accordance with the present invention; 

Fig. 7 is a perspective view of a variable 
resistance force sensor suitable for use in the 
practice of the present invention; 
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Fig. 8 is an exploded view of another variable 
resistance force sensor suitable for use in the" 
practice of the present invention; 

Fig. 9 is an exploded view of another variable 
5 resistance force sensor suitable for use in the 
practice of the present invention; 

Fig. 10 is a side elevation view of a another 
vehicle seat equipped with an occupant sensing 
apparatus in accordance with the present, invention; 
10 Fig. 11 is an enlarged fragmentary view of a 

variable resistance, force sensor located adjacent to 
the floor of a vehicle between and a rigid support 
member of a vehicle seat equipped in accordance with 
the present invention; and 
15 Figs. 12, 13 and 14 are plan views of variable 

resistance force sensors suitable for use in the 
practice of the present invention. 
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DETAILED DESCRIPTION OP THE INVENTION 

Referring first to Figs. 1 through 4 there are 
shown exploded, front elevation, side elevation and 
5 top view, respectively, of a vehicle seat equipped 

with an occupant sensing apparatus in accordance with 
the present invention. Of course it is understood 
that the design of various structural components of a 
vehicle seat can vary from one make and model of 

10 vehicle to another, with the vehicle seat shown being 
merely exemplary of a vehicle seat that may be 
employed in the practice of the present invention. 
The present invention does, however, apply to seats in 
general and may be employed not only with vehicle 

15 seats but also any seat where it is desired to 

ascertain whether or not the seat is occupied and the 
weight of a seat occupant. 

A vehicle seat has a seat cushion 10 and a seat 
back 12. The seat back may have a head rest 13 

20 associated therewith. The seat back may be pivotally 
attached to the remainder of the seat, as best, seen in 
Fig. 3. The seat cushion 10 and seat back 12 are 
normally padded, for example with foam rubber, and may 
contain springs to provide comfort for a seat 

25 occupant. The seat has legs 14 which extend between 
the floor of the vehicle and a rigid seat support 
/ member 16, sometimes referred to as the seat frame. 
The rigid seat support member may be unitary, as shown 
in Fig. 1, with a cross member extending between two 

30 side rails, or the side rails may be only be joined to 
one another by the seat back and maintained parallel 
to one another by fastening the seat legs to the floor 
of the vehicle. 

A rigid seat pan member 18 supports the seat 



WO 98/25112 



PCT/US97/17327 



5 

cushion 10, which is adapted to be secured thereto by 
having bottom side that is contoured to be 
complementary to the rigid seat pan member. The rigid 
seat pan member has. a generally rectangular shape 
5 which may be adapted to the design of a particular 

seat cushion and seat frame. As shown in Fig. 1 the 
rigid seat pan member is substantially a. flat frame, 
however, in some seat designs the perimeter of the 
rigid seat pan member may be bent to form peripheral 

10 walls which may,, or may not, have a second horizontal 
portion associated therewith. 

The rigid seat support member 16 and the rigid 
seat pan member 18 are fastened to one another in a 
vertically juxtaposed relationship, as best shown in 

15 Figs. 5 and 5A. In these examples the means for 

fastening the rigid seat support member and the rigid^ 
seat pan member to one another are a plurality of 
bolts 24 and nuts 26. The bolts extend through 
openings 25 in the rigid seat support member 16 and 

20 openings 27 in the rigid seat pan member 18. 

As shown in Figs. 5 and 5A plurality of variable 
resistance force sensors 20 are interposed between and 
adjacent to both the rigid seat support member 16 and 
the rigid seat pan member 18 with the force 

25 transferred from the rigid seat pan member to the 
floor of the vehicle passing through said variable 
resistance force sensors which sense the magnitude of 
the force transferred therethrough and generate a 
signal which is indicative of the force transferred 

30 therethrough. The rigid- seat pan member 18 shown in 
the drawings has a generally rectangular shape and a 
variable resistance force sensor is located in the 
vicinity of each corner of the rigid seat pan member. 
That is to say, the variable resistance force sensors 
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are disposed at the corners of a parallelogram at the 
corners of a rectangle. As used herein and in the 
claims the terms "corner" and "corners" are understood 
to have their common . meaning of the position (s) at 
5- which two lines or surfaces meet. When the variable 
resistance force sensors were installed at the 
attachment points between the rigid seat pan member 
and the rigid seat support member as shown in Fig. 5 a 
significant preload. was placed on the force sensors. 

10 The result of this preload was a significant reduction 
in system resolution as the force sensors were 
subjected to a preload, or clamp load, on the order of 
1,000 pounds while, the seat occupant, sensing system is 
trying to detect a seat occupant load of only about 66 

15 pounds (approximately 17 pounds per force sensor). 

The operation of the seat occupant sensing system was 
improved by employing the structure shown in Fig. 5A. 
At each fastening (clamping) point the conventional 
nut and bolt fastening means shown in Fig. 5 was 

20 replaced with a spring loaded fastening means 

comprising a shoulder bolt 24, a coil spring 19 
disposed circumf erentially about the should bolt and 
located between the head of the bolt an a rigid member 
16 or 18, a washer and a nut. This preferred 

25 structure allows the force sensors to remain in the 
load path while being subjected to only a nominal 
preload provided by the spring load and the weight of 
the seat structure. While a coil spring is shown in 
the example, it is understood that any other suitable 

30 method of reducing the preloading on the sensors may 
be employed in the practice of the. present invention. 

Each variable resistance force sensor' 20 has a 
plurality of electrical leads 23 extending therefrom 
for communicating with a device which processes the 
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signal from each variable resistance force sensor to 
determine the weight that the rigid seat pan is 
bearing- Referring next to Fig. 6 there is shown a 
schematic view of an occupant sensing apparatus in 
5 accordance with the present invention. Signals from 
the variable resistance force sensors are conveyed, 
through an amplifier, or any other suitable signal 
conditioning electronics, to a device, such as a 
microprocessor which processes the signals, to 

10 determine the weight that the rigid seat pan member is 
bearing. Algorithms to translate a signal from an 
electronic sensor to a weight are well known . The 
algorithm must take into account the weight of the 
seat structure located above the sensors in 

15 determining the weight of the seat occupant. Of 
course if the weight of the seat occupant is 
determined to be zero, the seat is unoccupied. 

Because of the semi-conductive nature of the inks 
used in the force sensitive material of the sensors 

20 these sensors exhibit a significant shift in 

sensitivity with variations in temperature. The 
sensors exhibit an . increase in sensitivity with 
increases in temperature and vice versa. For a 
temperature range of about 30° to 110° Fahrenheit the 

25 temperature correction factor for the variable 

resistance force sensors disclosed herein can be 
modeled as : 

CF = M (T_76) 

30 where: 

CF is the correction factor 

T is the -temperature in degrees Fahrenheit 
M is a constant characterizing the sensor 
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Generally speaking, the constant will be a function of 
the force sensitivity of the sensor. 

The ' spring preloading of the sensors disclosed 
above reduces, but does not completely eliminate, the 
5 preloading of the sensors. For example the preloading 
can change because of temperature variations. 
Therefore, in order for the seat occupant sensing 
system to be calibrated, and remain in calibration, 
the preload values must either remain constant or the 

10 calibration model must be updated repeatedly to 

account for changes in the preload value. In the 
prototype . system the preload values were found to vary 
by as much as twenty-five pounds during normal seat 
usage. It is necessary to determine when a seat is 

15 vacated (unloaded) by an occupant so that the system 
can read and update the preload values accordingly. 
The force (weight) on the sensors changes most 
drastically when an occupant sits down or gets up from 
a. seat. Based on this distinctive rate of loading 

20 change, the state of the seat can be determined and 
the preloading adjusted accordingly. 

A working prototype of a vehicle seat equipped 
with an occupant sensing apparatus in accordance with 
the present invention employed four sensors 20, as 

25 shown in Figs. 7 and 12, which were obtained from 

Force Imaging Technology , Inc. of Chicago, Illinois 
U.S.A. The variable resistance force sensors may be 
conventional force sensors, for example made in 
accordance with US 5,086,652 and US 5,222,399, which 

30 are incorporated herein by reference, and may be from 
0.002 to 0.005 inches in thickness. The variable 
resistance force sensors each comprise a pair of thin 
backing sheets, .each having an electrode 54, 53 thereon 
disposed in a confronting pattern and a force 
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sensitive material .50 therebetween, the resistance of 
the force sensitive material changing with changes in 
the force applied against said variable resistance 
force sensor which generates a signal which is 
5 indicative of the force transferred therethrough. The 
thin backing sheets are a plastic material, such as a 
polyester film. The electrodes 53,54 may be silver or 
any other suitable material, and may be screen printed 
on. the backing sheets or applied using any other 

10 suitable manufacturing technique. An air. passage 55 
is left between the force sensitive material 50 and 
the atmosphere to prevent back pressure problems. The 
electrodes 53 , 54 are conductively attached to a 
fitting 21 which has connection means, such as' pins 

15 49, which facilitate the conduction of signal from the 
sensor via electrical leads 23. A force sensitive 
material 50 is deposited by screen printing , or any 
other suitable manufacturing technique, and is 
interposed between the confronting electrodes. The 

20 force sensitive material in the sensor of Figs. 7 and 
12 is configured in an annular ring of substantially 
• constant width with an aperture 4 0 through the thin 
backing sheets in the center of the annular ring. The 
aperture facilitates the passage of a fastening means, 

25 such as bolt, therethrough to fasten seat components 
to one another or the seat to the vehicle floor. 

The force sensitive material may be any suitable 
material such as a carbon-molybdenum disulfide 
material in an acrylic binder. Preferably the force 

30 sensitive material is a carbon-free force sensing ink 
having a resistance which varies as a function of the 
force applied thereagains t , said force sensing ink 
being usable in force sensing, applications at 
temperatures up to 150° Fahrenheit and pressures of up. 
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to 10,000 pounds per square inch. The preferred ink 
includes a thermoplastic polyimide binder, conductive 
particles,, intrinsically semi-conductive particles, 
and dielectric . particles, all of an average particle 
5 size of 1.0 micron or less. The preferred semi- 
conductive particles are molybdenum disulfide, ferric 
and ferrous oxide particles. The preferred conductive 
particles are conductive metal oxide compounds that 
deviate from stoichiometry based on an oxygen value of 

10 two, such as conductive tin oxide, Fe 3 0 4 iron oxide, 
and mixtures of them. The preferred dielectric 
particles are silica. The binder is present in an 
amount of 20% to 80% by volume. A variable resistance 
force sensor employing this preferred material and a 

15 method of making the same are taught in US 5,541,570 
which is incorporated herein by reference for the 
purpose of teaching the preferred force sensitive 
material, variable resistance force sensors, and 
methods of making the same. 

20. With reference to Figs. 13 and 14 there are shown 

there are shown alternative embodiments of variable 
■ ■■resistance force sensors 60,70 that may be used in the 
practice of the present invention. Buttons .51,52 of 
force sensitive material are connected by narrower 

25. conductors 56,57 of the same force sensitive material, 
or any suitable conductor, to form circular arrays 
with an aperture 40 through the thin backing sheets in 
the center of the circular array. It is understood 
that the exact configuration of the force sensitive- 

30 material may be varied in accordance with good 

engineering practices to suit . a particular application 
without varying from the scope of the present 
invention. 

In preferred embodiments of the invention the 
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variable resistance force sensors are sandwiched 
between layers of materials, such as polymeric 
substances or metallic materials, which not only aid 
in reducing contamination of the. sensors with abrasive 
5 particles but also serve to distribute the load across 
the entire surface area of the force sensitive 
material. Referring next to Fig. 8 there is shown an 
exploded view of another variable resistance force 
sensor suitable for use in the practice of the present 
10. invention.. The variable resistance force sensor 20 is 
sandwiched, between, layers 29, 29 of a metallic 
material, such as aluminum. As used herein and in the 
claims the terms "sandwich" and "sandwiched" are 
understood to have their common meaning of inserting 
15 one thing tightly between two other things of 

differing character or quality. To facilitate the 
assembly of the variable resistance force sensor 20 
with the layers 29,29 of metallic material pins 44 
extend from one metallic layer, extend through 
20 apertures 41, in the thin backing" sheets and fit into 
complementary apertures. 4 5 in the other metallic 
layer. The metallic layers 2 9 have central apertures 
42,43 which align with the central aperture 40 in the 
sensor to facilitate passage of a fastening means, 
25 such as a bolt, therethrough. Referring next to Fig. 
9 there is shown an exploded view of another variable 
resistance force sensor, suitable for use in the 
practice of the present invention, which is similar to 
that- shown in Fig. 8. The variable resistance force 
30 sensor being, sandwiched between layers 31,31 of ,an 

elastomeric substance , such as neoprene, with a layer 
29 of -a metallic material located on a side of each of 
the layers of an elastomeric substance which is distal 
■ from the variable resistance force sensor. The layers 
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31 of an elastomeric substance are provided with slots 
47, or any other suitable structural feature, to 
accommodate the mating of the metallic layers with one 
another. The layers of elastomeric material are also 
5 provided with apertures 4 6 therethrough to facilitate 
passage of a fastening means, such as a bolt, 
therethrough. As shown in Fig. 11 the variable 
resistance force sensor may be sandwiched only between 
layers 31 of an elastomeric substance. 

10 Referring next to Figs. 10 and 11 Fig. 10 there 

is shown a side elevation view of a vehicle seat 
equipped with an occupant sensing apparatus wherein a 
variable resistance force sensor is located adjacent 
to the floor 33 or seat receiving member of a vehicle. 

15 In this embodiment a plurality of variable resistance 
force sensors are interposed between a rigid seat 
support member 14, which may be for example a seat leg 
or guide rail,, and the floor of the vehicle in a 
location adjacent to the floor of the- vehicle with the 

20 force transferred from the rigid seat pan member to 

the floor of the vehicle passing through the variable 
resistance force sensors . Other aspects of the 
invention described above, including the spring 
preloading' of the sensors and various sensor 

25 structures may be employed in the practice of this 
embodiment . 

There is a need in the. field of inflatable 
vehicle occupant restraints, such as airbags, to 
determine if the occupant of the front passenger seat 

30 of a motor vehicle equipped with a front passenger 

side airbag is an infant in an infant seat or a small 
child weighing less than a preselected amount. The 
device, such as a microprocessor which determines the 
weight that the rigid seat pan is bearing is 
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preferably a controller which controls the activation 
of at least one safety device for an occupant of the 
seat based upon said weight. The controller controls, 
for example, the activation of an inflatable vehicle 
5 occupant restraint or a seat belt pretensioner . 

Additionally the controller may control the manner in 
which an activated safety device operates, for example 
controlling the speed at which an airbag is inflated 
or the amount of seat belt slack which is to be .taken 

10 up by a pretensioner. Thus, the seat occupant sensing 
system disclosed herein may determine the presence or 
absence of an object or person on a seat cushion, and 
the weight of the person or object, on a seat cushion 
and based upon those determinations may activate one 

15 or more safety devices, and/or the manner in which an 
activated safety device should operate.. 
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CIAIMS : 

1. A seat occupant sensing system comprising: 

(a) a seat having a rigid seat pan member (18) 

5 and a rigid seat support member (16) , said seat being 
fastened to the floor of a vehicle; 

(b) a plurality of variable resistance force 
sensors (20) located between the rigid seat pan member 
and the floor of the vehicle with the force 

10 transferred from the rigid seat pan member to the 
floor of the vehicle passing through said variable 
resistance force sensors which sense the magnitude of 
the force transferred therethrough and. generate a 
signal which is indicative of the force transferred 

15 therethrough; and 

(c) a device which processes said signals to 
determine the weight that the rigid seat pan member is 
bearing. 

20 2. A seat occupant sensing system according to 

claim 1 wherein the variable resistance force sensors 
(20) are interposed between and adjacent to both the 
rigid seat support member (16) and the rigid seat pan 
member ( 18 ) . 

25 

3. A seat occupant sensing system according to 
claim 2 wherein the rigid seat pan member (18) has a 
generally rectangular shape and a variable resistance 
force sensor is located in the vicinity of each corner 
30 of the rigid seat pan member. 



4 . A seat occupant sensing system according to 
claim 1 wherein the variable resistance force 
sensors (20) are interposed between the rigid seat 
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support member (16) and the floor of the vehicle in a 
location adjacent to the floor of- the vehicle. 

5. A seat occupant sensing system according to 
5 claim 4 wherein the variable resistance force 

sensors (20) are disposed at the corners of a 
parallelogram. 

6. A seat occupant sensing system according to 
10 claim 4 wherein the variable resistance force sensors 

(20) are disposed at the corners of a rectangle. 

7. A seat occupant • sensing system according to 
any of claims 1, 2, 3,-4, 5 or 6 wherein the variable 

15 resistance force sensors (20) comprise a pair of thin 
backing sheets, each having an electrode (53, 54) 
thereon disposed in a confronting and a force 
sensitive material therebetween, the. resistance of 
said force sensitive material changing with changes in 

20 the force applied against said variable resistance 
force sensor. 

8. A seat occupant sensing system according to 
any of claims 1, 2, 3, 4 , 5 or 6 wherein the variable 

25 resistance force sensors (20) comprise an assembly of 
a variable resistance. force sensor with 
layers (31, 31) of an elastomeric substance., each 
variable resistance force sensor comprising a pair of 
thin backing sheets, each having an electrode (53, 54) 

30 thereon disposed in a confronting pattern and a force 
sensitive material therebetween, the resistance of 
said force sensitive material changing with changes in 
the force applied against said variable resistance 
force sensor, each said variable resistance force 
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sensor being sandwiched between layers (31, 31) of an 
elastomeric substance. 

9. A seat 'occupant sensing system according to 

5 any of claims 1, 2, 3, 4, 5 or 6 wherein the variable 
resistance force sensors (20) comprise an assembly of 
a variable resistance force sensor with layers of a 
metallic material, each variable resistance force 
sensor comprising a pair of thin backing sheets, each 

10 having an electrode (53, 54) thereon disposed in a 
confronting pattern and a force sensitive material 
therebetween, the resistance of said force sensitive 
material changing , with changes in the force applied 
against said variable resistance force sensor, each 

15 said variable resistance force sensor being sandwiched 
between layers of a metallic material. 

10. A seat occupant sensing system according to 
any of claims 1, 2, 3, 4, 5 or 6 wherein the variable 

20 resistance force sensors (20) comprise an assembly of 
a variable resistance force sensor with 
layers (31, 31) of an elastomeric substance and a 
metallic material, each variable resistance force 
sensor comprising a pair of thin backing sheets, each 

25 having an electrode (53, 54) thereon disposed in a 
confronting pattern. and a* force sensitive material 
therebetween, the resistance of said force sensitive 
material changing with changes in the force applied 
against said variable resistance force sensor, each 

30 said variable resistance force sensor being sandwiched 
between layers of an elastomeric substance with a 
layer of a metallic material located on a side of each 
of the layers of an elastomeric substance which is 
distal from the variable resistance force sensor. 
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